A Trail in the Protocol

Every time you send a message, your device makes a decision. Not you - the device. It chooses a
route: through which node, along which channel, by which path the data packet will reach its
destination. This decision is made in milliseconds, thousands of times per second, and you never
think about it.

But who is actually making this decision?

The answer is disconcerting in its centralization. The routing table - the list of rules by which a
packet chooses its path - lives on a server. The server is updated centrally. If the server does not
know about a new route, the packet will not find it. If the server is unavailable, decisions are made
on stale data. If the server belongs to someone - that someone knows about every decision in the
network.

The first article in this series argued that an ant decides differently. It does not query a central
server. It reads the trail in the environment - and moves toward where the trail is strongest.

This is not a metaphor. It is a concrete technical mechanism. And it already partially exists.

What It Means to "Leave a Trail in the Protocol”

Imagine a data packet as a courier. The courier travels from point A to point B through several
intersections. At each intersection, the courier chooses a direction. Today, this choice is based on a
map the courier received at the start of the journey - centrally, once, before departure.

Now imagine something different. At each intersection the courier sees marks left by previous
couriers: "fast here - three minutes ago", "congestion here - five minutes ago". The marks are fresh
- anything older than ten minutes has disappeared. The courier reads the marks, chooses a

direction, and leaves a mark of their own: that they passed through here, and how quickly.

No central map. No dispatcher. Only an environment that remembers - and only what is still
relevant.

This is the tagging mechanism. In technical terms: each packet, as it passes through a network
node, writes a small tag into a service field of the protocol - recording path quality in terms of
latency, loss, and channel load. The next node reads this tag and uses it when choosing the next
step. The tag has a time-to-live - TTL - after which it resets to zero. The network does not get stuck
in the past.

Where This Has Already Begun

The tagging mechanism is not an invention of the future. Its elements are present in existing
protocols, though none of them implement it fully.

OSPF, used for routing inside large networks, distributes knowledge of network topology across
all nodes simultaneously - without a central server, with each router independently computing its



own paths. This is already a distributed system. But it is a static snapshot: who is connected to
whom, and what the cost of each link is. The tagging mechanism addresses a different need - a
living memory of path quality right now, updated continuously by every passing packet. OSPF
answers the question "where can I go." The tagging mechanism answers the question "where
should I go this second."”

MPLS, used in backbone networks, allows packets to be labeled and directed along pre-selected
paths based on channel quality. This is close to the tagging mechanism - but the labels are assigned
centrally, rather than accumulating through the packets themselves.

QUIC, developed to accelerate web connections, collects statistics about connection quality during
transmission and adapts behavior on the fly. This is already close to what is being described - but
at the scale of a single connection, not the entire network.

The AntNet family of algorithms, developed in the 1990s as a direct translation of the ant principle
into routing, demonstrate the tagging mechanism at the level of research prototypes. "Ant" packets
circulate through the network, leaving pheromone tags about path quality. Real packets follow the
freshest and strongest trails. Results show superiority over centralized routing under conditions of
unstable load.

All of these solutions move in the same direction. None of them reaches its logical conclusion.

What Is Missing

Three gaps separate existing solutions from a fully realized tagging mechanism.

The first gap - scale. Existing algorithms such as AntNet were tested on networks with hundreds
of nodes. A 6G network means billions of devices. At this scale, a problem arises that ants solved
through evolution: how to avoid drowning in your own tags. An ant colony solves this through
evaporation - less popular trails literally disappear. The technical equivalent is aggressive TTL
with differentiated time-to-live values for different tag types. This has not been implemented in
any operating protocol.

The second gap - standardization. The tagging mechanism requires all network nodes to
understand the tag format and be able to read and write it. Today, each equipment manufacturer
implements similar mechanisms in its own way, in a proprietary format. Without an open standard
for tag format, distributed network memory is impossible - the nodes speak different languages.

The third gap - trust. If any node can write a tag, any node can write a false tag. An ant cannot lie
about the quality of a trail - the pheromone is either there or it is not. A technical node can. The
mechanism for verifying tags without a central arbiter is an open research problem. This is
precisely where the trusted hardware module that the IEEE initiative describes becomes not an
option but a necessity: only if a tag is signed by a secure chip rather than a software layer can it be
trusted without a central verifier.




Why This Matters Now

6G standards are being shaped in these years. Architectural decisions made now will determine
how global communications work for the next twenty years.

If 6G is built on the same centralized routing mechanisms as previous generations - only faster,
with greater throughput - a network without a center will remain a beautiful idea. Every argument
made in the first article of this series will remain a metaphor.

If the 6G standard includes an open tag format, a mechanism for verifying tags through trusted
hardware, and a protocol for distributed accumulation of network state knowledge - the argument
becomes an engineering proposal.

The difference between these two outcomes is not determined by technology. The technology
exists. The difference is determined by whether this question is raised during the standardization
process - or not.

An ant did not invent its mechanism. It simply followed the physics of the environment until the
environment began to remember on its behalf.

The engineers of 6G can do the same. The question is whether they will build memory into the
standard - or leave it on a server.
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